Experimental evidence for the presence in mustard seedlings of an esterase that catalyzes the hydrolysis of sinapine into sinapic acid and choline has been presented previously (12) . It was felt that further studies on this enzyme might be of some general biochemical interest.
mum, and other properties of the enzyme have been examined and will be discussed in this paper. A spectrophotometric method for following the hydrolysis of sinapine based on the absorption of sinapic acid at 290 mn has been devised and is described.
Materials & Methods
The source and preparation of sinapine and sinapic acid have been described already (12) . Tributyrin, triacetin, methyl acetate, methyl butyrate, and ethyl salicylate were purchased from Eastman Kodak Co. Benzoyl choline chloride was obtained from General Biochemicals Co., and the physostigmine from Mann Research Biochemicals.
Assay for Esterase.
I. Hvdroly,sis of sinapine. The enzymiatic hydrolysis of sinapine was measured by one of two methods.
A. Reinecke salt miiethod: This assay has already been described in a previous paper (12 (6) . Protein was assayed b1 the biuret mlethod (7'). P'urification of Esterase.
Step 1. White mustar(l see(ds (about 70g) were germinated for 5 to 6 (lays on muoist towel paper. This yielded 40 to 50 g of dry acetone powvder. The acetone powder was extracte( with wvater (15 ml of water per g of acetone pow(ler) at roolm temilperature by homiiogenizing in a \Vraring blenldor for 5 miniutes followed by stirring for half ani hour. The brei vas squeezedl through several layers of cheese cloth and centrifugedI at 12,000 X g for 10 miniutes. All subsequent steps were performiied in the coldl.
Step 2. The supernatant fluid was cooled and acetone (38 ml of acetone per 100 nml of extract) was gra(lually added with stirring in an icebath at -6 C. The suspension was centr-ifuge(d at 10.000 X g for 10 minutes.
Step 3 The spectrophotomiietric assay offered a simple method for studying the effect of the four esters on the hydrolysis of sinapine. Reactions were run with sinapine present at a concentration of 2.1 X 10-4 M and all other substrates at 10-2 M. As can be seen on figure 2, only the choline esters slowed down the rate of sinapine hydrolysis. Phenyl acetate had a small stimulatory effect.
These results pointed to the possibility that there was a contaminant esterase present in the preparation. Partial removal of the contaminant could be achieved by increasing the acetone concentration of the initial precipitation (step 3) to 45 ml of acetone per 100 ml of extract. When the active acetoneprecipitated fraction, without further ammonium sulfate fractionation, was assayed for esterase activity, it was found that the phenyl acetate and triacetin reactions were considerably slower in relation to that of acetylcholine. The ratio of the phenyl acetate to triacetin reaction rates, however, remained the same. Further purification was obtained when this preparation was saturated with triacetin and then treated with ammonium sulfate at 80 % saturation. The precipitate obtained by this method was almost free of the contaminant esterase as shown in figure 3 .
Effect of Enzyme Concentrations on Rate of Reaction. The effect of enzyme concentration on rate of sinapine hydrolysis was measured by the Reinecke salt method. Three reaction mixtures containing 0.48 mg of sinapine thiocyanate, 2 ml of 0.05 Mr carbonate buffer at pH 10, 0.2, 0.5, and 1.0 ml of enzyme respectively and water to a final volume of 5 ml were incubated at roonm temperature for half an hour after which time each reaction mixture was assayed for remaining sinapine. A linear relationship was found to hold between enzynme concentration and rate of hydrolysis under these conditions. ricallv. The acetylcholine reaction was assayed by the colorimetric method. The concentration of substrate ranged from 2 X 10-s M to 4 X 10-4 M for sinapine and 2 X 10-4 M to 2.4 X 10-3 M for acetylcholine. The Michaelis constants were calculated to be 9.3 X 10-D M for sinapine and 6.6 X 10-4 M for acetylcholine by the Lineweaver-Burk method (8) .
Effects of Inhibitors on Rates of Reaction. The effects of a number of enzyme inhibitors on the rates of sinapine and acetylcholine hydrolysis were ex- The inhibition observed with p-chloromercuribenzoate anid iodoacetate suggested that the active site of the enzynme mlight be a sulfhydryl group. This could not be conclusively established due to the relatively high concenitration of these compounds needed to observe significanit inhibition. (Glutathione added at a level of 1 2 to the enzylmie-inhibitor miiixttire w as fondii(i not only to reverse the p-chloromercuribelnzoate (2 X 10-3 ) inhibition but to increase the rate of hvdrolysis two to threefold above that of the conitr-ol r eaction. Figure 6 shows the stimulatory effect ot glutathione alone on the reaction rate at (lifferelit concenitrations of this colpoun(l. Cvsteine hadl the same activating effect.
Discussion
The criteria set to (listilngtuislh the class of choline esterases fromii all other esterases is the c,o)mplete inhibition of the first groul) by such low concentrations of physostigminie as 10-m and(l 10-'; Mr ( 2) Preparations of sinapine esterase purified 20-fold were obtained. Using such preparations, activity toward a number of esters was examined. Only sinapine, acetylcholine, triacetin, phenyl acetate, and benzoyl choline were hydrolyzed.
There was some evidence, how-ever, that phenyl acetate and triacetin were hydrolyzed by a contaminant esterase present in the preparation. The preparation was further purified so that almost all of the contaminant activity was removed.
The pH optimliumii of the esterase was 10 for sinapine and 8 for acetylcholine.
A number of metal activators were studied but none was found to increase the enzymatic hydrolysis rate of sinapine.
The 'Michaelis constants were 9.3 X 10-M for sinapine and 6.6 X 10-for acetylcholine. A number of coml-mon enzyme inhibitors were tested. Fluoride did not inhibit the reaction. Sulfhydryl group inhibitors (p-cbloromercuribenzoate, iodoacetate) s-ere effective but at higher concentrations than are generally encountered. Physostigmine, wvhich is a very potent and specific inhibitor of choline esterases, did not inhibit at low concentrations. Since sinapine esterase is not physostigmine sensitive, it cannot be considered as a true choline esterase by the usual definition.
The enzyme was markedly activated by such sulfhydrvl group reagents as cysteine and glutathione. This last observation makes the presence of an active sulfhydryl group more likely.
On the basis of these and other properties, this enzyme cannot be identified with any other esterase described in the literature. It has the interesting property of hydrolyzing acetylcholine, a compound that is miiost abund(lant in the animal kingdom.
